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RQ WKH VXUIDFH RI PDWHULDOV DQG ZKRVH LQIOXHQFH RQ WKH IULFWLRQ LV JHQHUDOO\ IDYRUDEOH 6LPLODUO\ WKH PRUH WKH






RI&REDOW LVPD[LPXPGXULQJ WKHRSHUDWLRQRI WKH UHDFWRU$SHULRGRIDW OHDVW\HDUVDIWHU WKH VKXWGRZQ LV
QHFHVVDU\WRREVHUYHDVLJQLILFDQWUHGXFWLRQRILQGXFHGDFWLYLW\7KXVLWLVGHVLUDEOHWRDYRLGWKHVHDOOR\VIRUVHYHUH
QHXWURQIORZDQGGLIIHUHQWVWXGLHVWULHGWRILQGVXEVWLWXWHPDWHULDOZLWKRXWFREDOWRULQYHU\VPDOOTXDQWLWLHV




ULVN RI WKHUPDO VKRFN DQG WKHUPDO F\FOLQJ DQG OLIH WLPH RI RYHU  \HDUV ZLWKRXW ELQGLQJ RU GHJUDGDWLRQ
&RQVLGHULQJ WKH WULERORJLFDO WHVWV QHHGHG WR DQDO\]H WKHZHDUEHKDYLRURI WKH FRXSOH RIPDWHULDOV LQ FRQWDFW LI D
WULERPHWHUIRUWHVWVXQGHUOLTXLGVRGLXPLVVHWXSDQGFXUUHQWO\LQHYDOXDWLRQZHKDYHGHFLGHGWRPDNHWULERORJLFDO
WHVWXQGHUDUJRQJDVSURWHFWLRQ




0RUHRYHU DV LWZLOO EHSUHVHQWHG LQ WKLV DUWLFOH WKH VSHFLILFDWLRQVRI WKH FRQWDFWV VHOHFWHG IRU WKH VWXG\ VKRZ




3DUWLFXODUO\ WKHUDQJHRI WKHWHPSHUDWXUHEHWZHHQ&DQG&GXULQJRSHUDWLRQ LVYHU\FRQVWUDLQLQJIRU WKH
VHOHFWLRQRIKDUGIDFLQJDOOR\V)LUVWLWKDVEHHQGHFLGHGWRNHHSRQVWXG\6WHOOLWHDOOR\DFREDOWEDVHGPDWHULDODV
UHIHUHQFH
2.1. Base material  










VWDWLF SDUW LQ RUGHU WR JHW D KDUGIDFLQJ PDWHULDO/1 FRQWDFW 7KLV ZLOO EH WKH V\VWHP FRQVLGHUHG LQ WKH
WULERORJLFDOVWXG\
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2.2. Stellite® Alloys 
6WHOOLWHLV WKHZHOONQRZQDQGZLGHO\XVHGKDUGIDFLQJZHDUUHVLVWDQFHPDWHULDO7KH6WHOOLWHDOOR\IURP'HORUR
&RPSDQ\ LVDFREDOWFKURPLXPEDVHVSHFLDOO\GHVLJQHGIRUDEUDVLRQUHVLVWDQFH7KHUHDUHPDQ\DOOR\VRI6WHOOLWH




6WHOOLWH DOOR\V KDYH D KLJKPHOWLQJ SRLQW DQG KLJK KDUGQHVV HJ 6WHOOLWH   +5& PHOWLQJ SRLQW &




'XQFNOH\  >@  DQG+6R >@7KHDEUDVLRQ UHVLVWDQFH LVSURSRUWLRQDO WR WKHKDUGQHVVDQG LQFUHDVHV
ZLWKWKHSURSRUWLRQDQGVL]HRIFDUELGHVVHH-70GH+RVVRQ>@DQGGH0ROYDQ2WWHUORR>@









2.3. Colmonoy® alloy 
7KH &ROPRQR\ LV D QLFNHOEDVHG DOOR\ GHYHORSHG E\ :DOO&ROPRQR\ &RPSDQ\ ZKLFK FRPSULVHV KDUGHQLQJ
FKURPLXP ERULGHV DQG FDUELGHV )LJ  ,WV PDLQ LQWHUHVW LV WR EH FREDOW IUHH ZKLOH SURYLGLQJ GLIIHUHQW JUDGHV
DGDSWHG WRGLIIHUHQWZHDU DQG FRUURVLRQ FRQGLWLRQV )RUPRVWRI WKH&ROPRQR\DOOR\V WKHPHWDOOXUJLFDO DQDO\VLV
VKRZV WKH SUHVHQFH RI ERULGHV DQG FDUELGHV HVSHFLDOO\ &U% LQ D VROLG VROXWLRQ RI J1L $OWKRXJK SDUWLDO WKH
WULERORJLFDOWHVWVH[KLELWHGVDWLVIDFWRU\UHVXOWVFRQGXFWHGDWURRPWHPSHUDWXUH
0LQJHWDO>@SUHVHQWVDVWXG\RI&ROPRQR\DQGJUDGHWXQJVWHQFRDWLQJRQ$,6,E\
ODVHU FODGGLQJ 7KH UHVXOWV VKRZ YHU\ JRRG GHQVLW\ DQG FRKHVLRQ RI WKH FRDWLQJ 7KH DXWKRUV DOVR VKRZ WKDW WKH
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FREDOW DQG KDV EHHQ LGHQWLILHG DV D JRRG FDQGLGDWH IRU QXFOHDU DSSOLFDWLRQV 1RWH WKDW LWV ZHDU UHVLVWDQFH LV














  Ž ƌ &Ğ DŶ DŽ Eŝ ^ŝ t
DĂƚĞƌŝĂůƐ /^/ϯϭϲ> Ͳ Ϭ͘ϬϮ Ͳ ϭϲͲϭϴ Ăů͘ ϮͲϮ͘ϱ Ϯ ϭϬ͘ϱͲϭϯ͘ϱ ϭ Ͳ
^ƚĞůůŝƚĞϲ Ͳ Ϭ͘ϵͲϭ͘ϰ Ăů ϮϳͲϯϮ Ͳ Ͳ Ͳ Ͳ Ͳ ϰͲϲ
ŽůŵŽŶŽǇϱϮ Ϯ͘Ϯ Ϭ͘ϱϱ Ͳ ϭϮ͘ϯ ϯ͘ϴͲϰ͘ϴ Ͳ Ͳ Ăů͘ ϯ͘ϳ Ͳ





+RZHYHU FRPSDUHG WR FRQYHQWLRQDO IXVLRQ SURFHVVHV ODVHU FODGGLQJ FDQ SURYLGH LQWHUHVWLQJ SURSHUWLHV WKH
GLOXWLRQRI VXEVWUDWH FDQEHDFFXUDWHO\FRQWUROOHGDQG UHGXFHGKLJK VROLGLILFDWLRQ VSHHGDQG WKHUPDOJUDGLHQW FDQ





 P. Aubry et al. /  Physics Procedia  83 ( 2016 )  613 – 623 617




6WHOOLWH  LV DZHOONQRZQPDWHULDO WKDW KDV EHHQ HDVLO\ GHSRVLWHGE\ ODVHU FODGGLQJZLWKRXW FULWLFDO GHIHFWV DV
FUDFNV RU ODUJH QXPEHU RI SRURVLWLHV 7KLV LV QRW WKH FDVH IRU &ROPRQR\  NQRZQ DV D EULWWOH DOOR\ZLWK FROG
FUDFNLQJ VXVFHSWLELOLW\ PDLQO\ GXH WR VWUHVV JHQHUDWLRQ LQGXFHG E\ WKHUPDO F\FOHV HVSHFLDOO\ ZKHQ XVLQJ KLJK
HQHUJ\GHSRVLWLRQSURFHVVDV37$:RUODVHUFODGGLQJ)LUVWDVSHFLDODWWHQWLRQKDVWDNHQRQUHGXFWLRQRISRURVLW\
SDUWLDOO\GXH WRRFFOXGHGSRUHV LQ WKHSRZGHUSURYLGHGE\:DOO&ROPRQR\FRPSDQ\7KHQ WKHGLOXWLRQKDVEHHQ
UHGXFHGE\WXQLQJWKHWUDYHOVSHHGDQGWKHSRZGHUIORZUDWH$YRLGLQJFUDFNVKDVEHHQPDGHE\DSUHKHDWLQJRIWKH
VXEVWUDWHEHWZHHQ&)LQDOO\VRXQGGHSRVLWVKDYHEHHQSURGXFHGIRUWULERORJLFDOWHVWV
3.2. Process parameters for laser cladding of Tribaloy 700 










7KH\ DUH WUDQVSRUWHG E\ D JDV VWUHDP DQG LQMHFWHG LQWR WKHPHOW SRRO2Q WKHZD\ WKURXJK WKH ODVHU EHDP WKH\





3.2.2. Parameter search 
)RU WKH H[SHULPHQWV VSHFLPHQV RI / VWHHO [[ PP DQG [[ PP ZHUH XVHG DV VXEVWUDWHV
3RZGHU 7ULEDOR\  ZLOO EH GHSRVLWHG E\ WZR GLIIHUHQW SURFHVVHV ODVHU FODGGLQJ DQG 3ODVPD 7UDQVIHUUHG $UF

























FDVH WKH QXPEHU RI SRURVLW\ LV YHU\ ORZ WKDQNV WR WKH TXDOLW\ RI WKH SRZGHU DQG D JRRG WXQLQJ RI WKH SURFHVV
SDUDPHWHUVDGDSWHGVL]HDQGJRRGVWDELOLW\RIWKHK\GURG\QDPLFVRIWKHPHOWSRRO
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
7KHPLFURVWUXFWXUHRI7ULEDOR\FRQVLVWVRIDQLFNHOEDVHGPDWUL[1L&U0R6L)HDQGWZRLQWHUPHWDOOLFSKDVHV
7KH ('; DQDO\VLV VKRZ WKDW WKH GLIIHUHQFH EHWZHHQ WKHVH LQWHUPHWDOOLF SUHFLSLWDWHV DUH YHU\ WLJKW 7KH )LJ 
SUHVHQWVDPLFURJUDSK\RI7ULEDOR\LQWKHPLGGOHWRWKHWRSRIWKHGHSRVLW








ůĞŵĞŶƚ DĂƚƌŝǆƉŚĂƐĞ;йǁͿ >ĂǀĞƐƉŚĂƐĞ;ǁŚŝƚĞǌŽŶĞͿ;йǁͿ /ŶƚĞƌŵĞĚŝĂƚĞǌŽŶĞ;ŐƌĞǇǌŽŶĞͿ;йǁͿ
Eŝ ϲϬ͘ϴ ϯϯ͘Ϭ ϯϵ͘ϲ
DŽ ϭϱ͘ϭ ϱϬ͘ϰ ϰϯ͘ϳ
ƌ ϭϵ͘ϲ ϭϮ͘Ϭ ϭϬ͘ϰ
^ŝ ϭ͘ϲ ϯ͘ϴ ϱ͘ϵ
&Ğ ϭ͘ϵ Ϭ͘ϵ Ϭ͘ϴ




4.1. Experimental procedure 
7KH WHVW SLQRQGLVN ZDV FDUULHG RXW WR VWXG\ ZHDU EHKDYLRU RI KDUG FRDWLQJV 7KH GLVN LV D SODWH
PP[PP[PPKDYLQJWZROD\HUV7KHILUVW OD\HUZKRVHWKLFNQHVVLVPPLV WKHKDUGFRDWLQJ7KHVHFRQG
OD\HU LV WKH VXEVWUDWH %HIRUH HDFK WULERORJLFDO WHVW WKH PLFURVWUXFWXUH FRPSRVLWLRQ E\ 6(0 DQG 9LFNHU¶V
PLFURKDUGQHVVPHDVXUHPHQWZLWKJDSSOLHGORDGKDYHEHHQLGHQWLILHGRQWKHGHSRVLWHGVXUIDFH7KHVXUIDFHRI
HDFKVDPSOHLVSROLVKHGWRPDLQWDLQDXQLIRUPURXJKQHVV5DYDOXHRIP$EDOOPPVWDLQOHVVVWHHO
W\SH / LV XVHG DV D SLQ DQGSODFHGRQ D UDGLXV RI PP IURP WKH URWDWLRQ D[LV:HDU UDWH DQG FRHIILFLHQW RI
IULFWLRQRI WKHGHSRVLWVZHUHHYDOXDWHGE\XVLQJWKLVVHWXS:HDU WHVWVZHUHFDUULHGRXW LQ LQHUWJDVDUJRQDQGDW
URRPWHPSHUDWXUH$OOWKHWHVWVZHUHFRQGXFWHGIRUWKHVOLGLQJGLVWDQFHRIPURXQGV7ZRGLIIHUHQWORDGV
ZHUHXVHGORZORDG1DQGKLJKORDG1LQRUGHUWRVWXG\WKHLQIOXHQFHRIWKHORDGRQWKHZHDUEHKDYLRURI
WKHVHKDUG FRDWLQJV$W WKH VDPHZD\ WZR IULFWLRQYHORFLWLHVZHUHXVHG VORZVSHHGPV USP DQG  KLJK
VSHHGPV USP LQRUGHU WR VWXG\ WKH LQIOXHQFHRI WKH IULFWLRQYHORFLW\$IWHU HDFK WHVW VSHFLPHQVZHUH
UHPRYHG FOHDQHG XOWUDVRQLFDOO\ LQ WKH EDWK FRQWDLQLQJ DFHWRQH 7KHZHDU ORVV RI WKH GHSRVLWVZDVPHDVXUHG E\
PLFURWRSRJUDSK\:HDU WUDFNRI WKHVDPSOHVDQGGHEULVZHUHH[DPLQHGE\6(0HTXLSSHGZLWKHQHUJ\GLVSHUVLYH
VSHFWURVFRS\('6WRLGHQWLI\WKHZHDUPHFKDQLVPV
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4.2. Analysis of wear behavior 
:HSUHVHQWKHUHXQGHUWKHZHDUH[SHULPHQWVZLWKDORDGRI1DVOLGLQJVSHHGDWPVDWURRPWHPSHUDWXUH
&RQO\$V\QWKHVLVRIWKHIXOOVHWRIH[SHULPHQWVLVSUHVHQWHGDWWKHHQGRIWKHVHFWLRQ























4.2.3. Wear mechanism of Tribaloy 700 





E\('; DQDO\VLV VXEMHFWLQJ DZHDU RI 7ULEDOR\  RQ7ULEDOR\ 7KH DQDO\VLV RI WKH GHEULV VKRZV D VPDOO
LUUHJXODUSLHFHVPRVW SUREDEO\ FRPLQJ IURP VPDOO FUDFNV DQGGHODPLQDWLRQRI WKHPDWHULDO RI WKHSODQDU VXUIDFH
7KLVFRQILUPVDQDEUDVLYHSURFHVVIROORZHGE\DVPDOOEXWWHULQJRIWKHPDWHULDO)LJ














7KLV LV FRQILUPHG E\ WKH ZHDU PHFKDQLVP VKRZQ EHIRUH &RQVLGHULQJ WKH SLQRQGLVN VHWXS XVHG IRU WKHVH
H[SHULPHQWDQGSDUWLFXODUO\GXH WR WKHDGGLWLRQRI WKHKHDWLQJGHYLFH LWKDVQRWEHHQSRVVLEOH WRJHW VDWLVIDFWRU\
IULFWLRQFRHIILFLHQWV+RZHYHU LWKDVEHHQVHHQWKDW LI WKHIULFWLRQFRHIILFLHQWUHPDLQVYHU\VWDEOHIRU6WHOOLWH LW
VOLJKWO\ IOXFWXDWHV GXULQJ WKH VOLGLQJ WLPH IRU 7ULEDOR\  DQG YHU\ FKDQJLQJ IRU &ROPRQR\  $GGLWLRQDO
H[SHULPHQWVDUHXQGHUJRLQJRQDQHZH[SHULPHQWDOVHWXS
&RQFOXVLRQ






DJRRGKRPRJHQHLW\ IURPWKH LQWHUIDFH WR WKHVXEVWUDWHXS WR WKH WRSRI WKHFODG+DUGHQLQJSKDVHVFDUELGHVDQG
ERULGHVDUHXQLIRUPO\GLVSHUVHGLQWRWKHPDWHULDO6RPHTXHVWLRQVDUHXQGHUVWXG\DVIRUH[DPSOHWKHSUHVHQFHRI
WKH WZR SKDVHV LQ WKHPDWUL[ VWUXFWXUH $ FRPSDULVRQZLWK VWDQGDUG SURFHVVHV 37$: 3ODVPD 7UDQVIHUUHG$UF
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:HOGLQJLVRQJRLQJ,QWKHQH[WVWHSRIWKHVWXG\ZH¶OOPDNHWULERORJ\WHVWVRQ6WHOOLWHDQG&ROPRQR\FODGVRQD
SLQRQGLVNGHYLFHGU\FRQWDFWDLUDPELHQWWHPSHUDWXUH
,Q WKH QH[W VWHS WKH SDUDPHWHU VHDUFK ZLOO VWDUW IRU WKH 7ULEDOR\ DOOR\ ,I VRXQG FODGV DUH REWDLQHG VLPLODU
WULERORJ\ WHVWV ZLOO EH PDGH IRU FRPSDULQJ WKH WKUHH DOOR\V2I FRXUVH FRUURVLRQ WHVW XQGHU VRGLXP DQG WULER
FRUURVLRQWHVWVXQGHUVRGLXPDUHUHTXLUHGIRUPDNLQJDILQDOFRPSDULVRQDQGYDOLGDWLRQRIWKHPDWHULDOV)RUWKLV
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